Background: Cirrhosis of the liver is often not recognized until late in the disease state, when patients decompensate or develop hepatocellular carcinoma (HCC). This inquiry considered factors associated with undiagnosed cirrhosis.
Introduction
Cirrhosis of the liver is characterized by chronic progressive liver injury leading to fibrosis and nodularity. Ultimately, cirrhosis progresses to a state of decreased liver functioning and represents the end stage of chronic liver disease, with or without complications associated with cirrhosis. The prevalence of cirrhosis of the liver has nearly doubled in the USA from 2001 to 2013, equaling nearly 0.3% of the population, mostly due to hepatitis C infection [1] [2] [3] . Cirrhosis of the liver is often not recognized until late in the disease state, due to the natural history of cirrhosis in which a long, compensated, asymptomatic phase is followed by progressively symptomatic decompensation phase. The decompensation phase is defined by the development of complications such as ascites, hepatic encephalopathy and bleeding esophageal varices [1, [4] [5] . Mean survival of patients with compensated cirrhosis is 10 -12 years, with mortality occurring when patients pass into the decompensated phase of cirrhosis [5] . Cirrhosis is also a leading cause of hospitalizations with high costs, partly due to the late recognition of disease. If cirrhosis was diagnosed before the development of complications, providers would often be able to prevent decompensation by treating the underlying disease before it created a health crisis [6] .
One of the complications of cirrhosis is the development of hepatocellular carcinoma (HCC). HCC is the most common primary cancer of the liver and is the fifth most prevalent cancer worldwide [7] . The major risk factor for the development of HCC is cirrhosis of the liver, with cirrhosis found in more than 80-90% of liver cancer patients [8, 9] . HCC incidence has increased 2.5-fold, and HCC mortality has tripled since 2001 [2] . The 5-year cumulative risk for development of HCC is 5-30% in patients with cirrhosis [9] . The key to survival of HCC is early detection of the tumor, through surveillance of patients with cirrhosis of the liver by imaging modalities such as ultrasound, CT scan or MRI of the abdomen [10, 11] . When HCC is detected early, it can achieve 5-year patient survival rates near to 50-70% with resection and/or transplantation versus 3-year survival of 8% if there are later signs of disease [12] .
Surveillance of all patients with cirrhosis for HCC using ultrasound every 6 months is a cost-effective intervention to reduce mortality and improve survival through early detection [10, 11] . In a well-cited randomized control study (n = 18,816), patients who had surveillance for HCC using ultrasound of the liver had a 37% decrease in mortality [13] . However, it Missed Diagnosis Cirrhosis Gastroenterol Res. 2018;11(5):333-339
is widely known that adherence to these recommendations is poor, with HCC surveillance rates averaging less than 50% [7, 14, 15, 16] . Under-recognition of cirrhosis has been identified as one cause of the low rate of HCC surveillance [17, 18] . Thus, this inquiry will consider the question of which factors are associated with under-diagnosis or undiagnosed cirrhosis in patients with features of liver cirrhosis. In our study, patients with features of cirrhosis who do not have a diagnosis of cirrhosis will be compared to patients with known diagnosis of cirrhosis, to evaluate differences between the two groups, including age, race, gender, insurance type, model for end stage liver disease (MELD) scores and etiology of liver disease. In this study, we included all patients with features of advanced fibrosis or cirrhosis as having features of cirrhosis; this included patients with imaging indicative of cirrhosis, serum fibrosis (i.e. FibroSure) scores of F3 or F4, or liver biopsy results that showed stage 3 or 4 fibrosis. Ultimately, a greater understanding of the factors associated with undiagnosed cirrhosis will lead to an improvement in recognition of cirrhosis and improved outcomes for patients with liver cirrhosis.
Patients and Methods

Inclusion and exclusion criteria
This retrospective cross-sectional study involves chart review of patients at an urban medical center in the northeast USA, to determine the differences in the characteristics of patients with a prior diagnosis of cirrhosis versus patients with features of cirrhosis that do not have a diagnosis of cirrhosis. The starting point of this study was patients with HCC, older than age 18, diagnosis consistent with HCC from 2010 to 2017, and excluded patients with cholangiocarcinoma or other liver cancers (i.e. carcinoid), and hepatitis B (HBV)-related HCC. Diagnosis of HCC was determined by searching the electronic medical record for patients with HCC, ICD 9 code (155.0) or ICD 10 (C22). A thorough record review confirmed the diagnosis of HCC in patients with imaging results diagnostic of HCC [11] , or via tissue sampling through liver biopsy. All patients who meet the inclusion criteria were enrolled in the study.
This study uses HCC as a starting point to find patients with cirrhosis, as 80-90% of patients with HCC have cirrhosis. We were then able to work backwards from the diagnosis of HCC, to find patients with cirrhosis who were not previously diagnosed. Patients with HBV-related HCC were excluded, as HBV is an independent risk factor for the development of HCC, with or without cirrhosis. Thus, it was determined that HCC does not point to a possible diagnosis of cirrhosis in HBV-infected patients.
Study population and research design
Patients with a diagnosis of HCC from 2010 to 2017 were stratified into two groups. One group had a known diagnosis of cirrhosis, and the second group did not have a known diagnosis of cirrhosis. Patients without a known diagnosis of cirrhosis were further stratified into patients with features of cirrhosis and patients with no features of cirrhosis. Features of cirrhosis were evaluated through an analysis of liver biopsy results, imaging, diagnoses indicative of decompensated liver disease (hepatic encephalopathy, esophageal varices, ascites), laboratory results and serum fibrosis scores (i.e. Fibrotest, Fibrosure). Patient with no features of cirrhosis, or clear evidence that they did not have cirrhosis, were then eliminated from the analysis (Fig. 1) .
Clinical and demographic data were collected for all included patients including age, gender, race, insurance, etiology of liver disease, presence of splenomegaly, tumor size at diagnosis, serum fibrosis scores and laboratory results that were used to calculate fibrosis-4 index (FIB-4) and MELD scores (alanine aminotransferase (ALT), aspartate aminotransferase (AST), international normalized ratio (INR), creatinine, sodium, bilirubin, platelet count). Patients with a known diagnosis of cirrhosis were compared to patients with features of cirrhosis without a diagnosis of cirrhosis and statistical analysis was performed (Fig. 1) . Mann-Whitney test was used to compare continuous variables between the groups, including tumor size, alpha-fetal protein (AFP), MELD, body mass index (BMI) and AST to platelet ratio index (APRI) scores. The 
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Study procedures to determine patient's category
Patients with cirrhosis diagnosis
Patients with diagnosis of cirrhosis or mentioned as a problem or elsewhere in the chart during chart review were included in the category of patients diagnosed with cirrhosis. Patients who were diagnosed with cirrhosis of the liver during the same period they were diagnosed with HCC were coded as no known diagnosis of cirrhosis.
Patients with features of cirrhosis but without a prior diagnosis of cirrhosis
Determination of patients as having features of cirrhosis was done through manual chart review of completed diagnostics in patients with HCC with no previous diagnosis of cirrhosis. First, liver biopsy pathology that mentioned stage III -IV fibrosis was labeled as cirrhosis. By imaging, patients with features suggestive of cirrhosis including nodular liver, shrunken liver, hepatosplenomegaly or mention of cirrhosis were coded as cirrhosis. Serum fibrosis scores indicative of advanced fibrosis or cirrhosis (F3 -F4) were labeled as cirrhosis.
Results
Two hundred and two patients with HCC diagnosis were included in the initial analysis. Patients were excluded for concomitant diagnosis of HBV (n = 30), liver cancer diagnosis that was not evaluated to be HCC or indeterminate for HCC (n = 33), and lack of information in chart (i.e. during transition to new electronic medical record or patient only coming in for liver biopsy) (n = 58), leaving 81 cases for analysis. These 81 cases were further stratified into cases with a known cirrhosis (n = 36) and cases without a known diagnosis of cirrhosis (n = 45). Those cases without known diagnosis of cirrhosis were then analyzed for features of cirrhosis. Nine cases were evaluated to have no characteristics of cirrhosis, and removed from the analysis; the remaining 36 cases with features of cirrhosis, and 36 patients without known diagnosis of cirrhosis (total n = 72) were compared. Basic descriptive statistics were performed using SPSS to compare the two groups for differences in race, insurance, gender, age, etiology of cirrhosis, presence of splenomegaly (spleen > 11 cm), size of tumor, AFP at HCC diagnosis and MELD score. Two validated scores, APRI and FIB-4, are commonly used to determine presence of advanced fibrosis/cirrhosis and were calculated and compared. Mann-Whitney test was used to compare continuous variables between the groups, including tumor size, AFP, MELD, BMI and APRI scores. The groups were further compared using logistical regression and then confirmed with separate chi-square tests for each discrete variable including insurance type, gender, race, etiology of liver disease, splenomegaly, APRI and FIB-4 categories.
Sample description
Of the 72 patients with HCC and cirrhosis, a full 50% (n = 36) were undiagnosed but had features indicative of cirrhosis assessed through manual chart evaluation of radiological or histological criteria. Age of patients ranged from 44 to 93 years old, with 68.1% male (n = 49), and varied race with 29.2% African American (n = 21), 26.4% Caucasian (n = 19), 33.3% Hispanic (n = 24), 9.7% Asian (n = 7) and 1.4% unknown race (n = 1). Insurance was listed as government insurance (Medicare and/or Medicaid) in 88.9% of patients (n = 61), with the remaining having private insurance (n = 8) or none/ unknown insurance (n = 3). The etiology of liver disease was overwhelmingly hepatitis C, with 71.8% of patients with this diagnosis. Though all the included patients were determined to have cirrhosis, FIB-4 scores > 3.25 indicative of cirrhosis were found in only 79.2% of patients (Table 1) .
Findings
Significantly, 50% of cirrhotic patients were not previously diagnosed with cirrhosis at the time of HCC presentation. This number of patients with undiagnosed cirrhosis is higher than rates in published literature, which ranged between 23% and 39% in patients with HCC [18] [19] [20] . The analysis showed no statistically significant difference in insurance, gender, race, etiology of liver disease, the presence of splenomegaly, zip code, MELD, FIB-4 or APRI scores between groups. However, the strongest predictor of the diagnosis of cirrhosis was age, with older-age patients less likely to be diagnosed with cirrhosis (OR: 0.924, P = 0.012). Furthermore, another statistically significant finding was that the tumor size of HCC in patients with undiagnosed cirrhosis was larger (median (Md) = 4.9 cm) than those with known diagnosis of cirrhosis (Md = 3.5 cm, P = 0.015).
Discussion
There are several significant findings in this study. It is noteworthy that 50% of patients diagnosed with HCC, had features of cirrhosis but had not been previously diagnosed with cirrhosis. Though numerous studies have found a large prevalence of undiagnosed cirrhosis, 23-39% in patients with HCC, our prevalence of undiagnosed cirrhosis was higher [18, 21] . This may be due to the location within New York City, where patients have many options for care, and seek care at many different institutions. Many of the patients diagnosed with HCC, were being seen for the first time at our institution at the time of HCC diagnosis, and were not engaged in consistent medical care. Patients in this situation may go undiagnosed due to lack Missed Diagnosis Cirrhosis Gastroenterol Res. 2018;11 (5):333-339 of care continuity. Furthermore, the most significant finding is that a missed diagnosis of cirrhosis occurred more commonly in older patients. It is the strongest predictor of missed diagnosis of cirrhosis, and patients in this demographic also had larger HCC tumor size at diagnosis than those patients who had a known diagnosis of cirrhosis. The association between older age and missed cirrhosis diagnosis was also mentioned in prior studies [20, 22] .
This study replicates a study by Walker et al [18] which considered the same concept of undiagnosed cirrhosis in patients with evidence of cirrhosis and diagnosed with HCC. Walker et al looked at a sample of 1,201 patients from the Veterans Administration (VA) from 2005 to 2011. Similar to our study, they found that patients with undiagnosed cirrhosis were older and had later stage HCC. They also found a larger percentage of undiagnosed patients were African American which we did not find. The VA study only considered patients who received consistent care within the VA, and 92.6% of these patients had seen a primary care provider at the VA within the last year. This likely explains our higher rate of patients with undiagnosed cirrhosis (50% versus 24.6%), as our patients Missed diagnosis of liver cirrhosis leads to disparities in care for older patients.
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were less likely to have a usual or consistent source of care. Our population also reflected a different demographic and was more urban (100% versus 88%), more diverse (26.4% versus 59.2% white) and less male (68.1% versus 99.8%). It is interesting to find similar findings of high rates of undiagnosed cirrhosis with more missed diagnosis in older patients, demonstrating the applicability of the VA findings to a community setting such as ours. Late diagnosis of cirrhosis or undiagnosed cirrhosis is a phenomenon well known to clinicians. There is a paucity of quality studies that directly consider the missed diagnosis of cirrhosis. This conclusion is often mentioned casually in studies that consider the mortality or etiology of cirrhosis [23, 24] , studies recommending screening for cirrhosis in the general population [25] [26] [27] or in patients with risk factors [28] [29] [30] , or as a cause of missed surveillance for HCC in patients with cirrhosis [18, 19] . The findings of all of these studies suggest that diagnosis of cirrhosis is often missed in patients with and without traditional risk factors. In clinical practice, elevation in liver enzymes is often the catalyst for referral for further testing for liver disease. However, it is known that elevation in liver enzymes is an unreliable marker for cirrhosis [31] . Screening for cirrhosis, particularly in patients with risk factors such as viral hepatitis, obesity or alcohol use, should be mandatory. Any patient with risk factors, or who presents with any sign such as lower than normal platelets, enlarged liver or spleen size, or elevations in liver enzymes should be screened for cirrhosis. Older age should not limit these evaluations and older patients should be screened for history of risk factors, such as alcohol, obesity or previously treated hepatitis C. The absence of active risk factors in older age does not mean that older patients did not have risk factors in the past, and are now living with undiagnosed advanced liver fibrosis or cirrhosis.
The limitations of this study include the small sample size, equaling 72 patients. However, this study is meant to show real world experience of undiagnosed cirrhosis, and is not a population study. Despite the small sample size, it represents a balanced mix of races and included patients with varied insurances including Medicare, Medicaid and private insurance. Though this sample included all etiologies of liver disease except HBV infection, this sample was biased towards patients with hepatitis C (HCV) cirrhosis caused by longstanding, untreated HCV. In the age of highly efficacious, simple HCV treatments, we anticipate that fewer patients will be living for decades without HCV treatment and will be less likely to develop HCV-related cirrhosis at the rates found in our population. Instead, the bigger problem will likely be an undiagnosed non-alcoholic fatty liver disease (NAFLD)-related cirrhosis and the applicability of our findings to those patients is uncertain. Furthermore, in patients who presented for the first time to our institution at HCC diagnosis, it is not clear if they were receiving consistent care at another institution, and so assumptions about prior care and diagnosis cannot definitively be made.
In this study, the greatest risk factor for undiagnosed cirrhosis of the liver was older age, pointing to the failure of our health care system to diagnose cirrhosis in this vulnerable demographic. The discussion of whether to screen patients with risk factors for cirrhosis is ongoing. Currently, screening of patients for cirrhosis is not recommended by any major liver society. This study points to the end-point of this indecision. In our study of patients with HCC and cirrhosis, 50% of patients with cirrhosis were not diagnosed, with a significant underdiagnosis of older patients. Furthermore, this missed cirrhosis diagnoses led to these patients having a larger tumor size at HCC diagnosis. Larger tumor size of HCC at diagnosis is associated with poor prognosis. If these tumors were found earlier, there might be more options for treatment. We understand that the discussion of whom to screen for cirrhosis, how often and using what methods remains an important and difficult one. The costs associated with universal screening of patients with risk factors such as NAFLD are enormous. Furthermore, with a dearth of inexpensive, non-invasive options to determine the diagnosis of cirrhosis, easy diagnosis of cirrhosis remains elusive. Continued inquiry and study regarding the benefits of screening high-risk patients and patients with signs of fibrosis/ cirrhosis, requires further focused evaluation. The establishment of guidelines to direct primacy care and other providers to screen high-risk patients should be initiated. More studies that consider the risks, benefits and costs associated with the screening and undiagnosed cirrhosis need to be facilitated in larger populations, and continued examination of non-invasive methods of diagnosis of cirrhosis must continue to be explored.
